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BACKGROUND: More practical and less fatiguing strategies have been developed to accurately 
predict the one-repetition maximum (1RM).  
OBJETIVE: To compare the accuracy of the estimation of the free-weight bench press 1RM between 
six velocity-based 1RM prediction methods.  
METHODS: Sixteen men performed an incremental loading test until 1RM on two separate 
occasions. The first session served to determine the minimal velocity threshold (MVT). The second 
session was used to determine the validity of the six 1RM prediction methods based on 2 repetition 
criteria (fastest or average velocity) and 3 MVTs (general MVT of 0.17 ms-1, individual MVT of the 
preliminary session, and individual MVT of the validity session). Five loads (≈25-40-55-70-85% of 
1RM) were used to assess the individualized load-velocity relationships.  
RESULTS: The absolute difference between the actual and predicted 1RM were low (range=2.7–
3.7%) and did not reveal a significant main effect for repetition criterion (P=0.402), MVT (P=0.173) 
or their two-way interaction (P=0.354). Furthermore, all 1RM prediction methods accurately 
estimated bench press 1RM (P0.556; ES0.02; r0.99).  
CONCLUSIONS: The individualized load-velocity relationship provides an accurate prediction of 
the 1RM during the free-weight bench press exercise, while the repetition criteria and MVT do not 
appear to meaningfully affect the prediction accuracy. 
 





Exercise intensity is a key variable when designing resistance training programs [1,2]. Traditionally, 
exercise intensity is prescribed as a percentage of an individual’s one-repetition maximum (1RM) 
[1]. To correctly program resistance training based upon %1RM, coaches must attain a 1RM value. 
Briefly, the direct determination of 1RM consists of a gradual load-progression until reaching the 
maximum weight which an individual can lift only once [3]. Although direct assessment of 1RM 
provides a reliable indicator of maximal strength [4], its implementation has been frequently 
discouraged as it is not only time-consuming, but also physically and psychologically demanding 
[1,5,6]. Consequently, a challenge for sport scientists has been to develop more practical and less 
fatiguing strategies to  accurately predict the 1RM [5,7–9]. The individualized load-velocity 
relationship has been shown to be a potential alternative for predicting the 1RM across a variety of 
exercises [8,10,11]. This is owing to the advancement and proliferation of accurate and reliable 
technologies for measuring barbell velocity [12–14], as well as the low intra-subject variability 
observed for the linear inverse relationship between the relative lifted loads (%1RM) and movement 
velocity [15,16]. However, a number of important aspects of load-velocity modeling still remain 
unresolved.  
The determination of the individualized load-velocity relationship requires the assessment of 
movement velocity against two or more loads [7,17]. Typically, this is done through an incremental 
loading test in which individuals perform 3 repetitions when lifting light loads ( 60% of 1RM), 2 
repetitions for medium loads (60-85% of 1RM), and 1 repetition for heavy loads ( 85% of 1RM) 
[17–20]. The next logical step to create an individual’s load-velocity profile is to select the velocity 
of each load according to a specific repetition criterion [7,21]. Some researchers have used as a 
criterion the average velocity of all repetitions performed at each load to obtain a more robust metric 
[18,22,23], while the most frequent criterion is to use the fastest repetition of each load to represent 
the maximal performance of the individual [5,10,17,24,25]. However, the latter may be affected by 
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outliers related to erroneous lifts [21]. However, no study has examined whether the repetition criteria 
affects the accuracy in the estimation of the 1RM through the individualized load-velocity 
relationship.  
Once the final velocity output of each load has been selected, the next step is to determine the 
individual relationship between the absolute load and velocity through a linear regression equation 
[17,18]. Thereafter, the 1RM can be estimated using the regression equation as the load associated 
with a minimal velocity threshold (MVT; velocity at 1RM or of the last repetition of a set to failure) 
[7,17,19]. In practice, coaches have two options for selecting the MVT used to predict the 1RM: (I) 
an individual MVT recorded in a previous session during a 1RM trial [5,24] or during the last 
repetition of a set to failure [19] and (II) a general MVT proposed in the scientific literature (e.g., 
0.17 ms-1 for the bench press) [17]. The 1RM has been also predicted using the individual MVT 
recorded during the 1RM assessment performed in the same session in which the load-velocity 
relationship was modelled [6,9]. From a practical point of view, this is illogical as there is no need to 
predict the 1RM in the same session where it has been determined. More important is to determine if 
a previous attained MVT can accurately predict 1RM in a subsequent session. Moreover, the use of 
a general MVT simplifies the testing procedure because it would not be necessary to perform a direct 
1RM or repetitions-to-failure test at any time point [8], but it has been suggested that using the 
individual MVT could increase the accuracy in the 1RM prediction compared with using a general 
MVT [17]. However, the only study that have compared the accuracy in the estimation of the 1RM 
between general and individual MVTs failed to show significant differences in the deadlift exercise 
performed with and without lifting straps [9]. It is important to note that, although it does not make 
sense in practice, this study used the individual MVT recorded during the 1RM trial that was 
performed in the same session in which the individualized load-velocity relationship was modelled. 
Due to the low reliability of the MVT [6,26], it is likely that the accuracy of the 1RM prediction could 
be worse when using the individual MVT obtained in a preliminary session. However, no study has 
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compared whether the accuracy in the estimation of the 1RM differs when using the individual MVT 
obtained in the same or a preliminary testing session.  
To fill gaps in the scientific literature, the present study was designed to analyze the influence of 
certain methodological factors (repetition criteria and MVT) on the 1RM prediction capability of the 
individualized load-velocity relationship. Specifically, the aim of this study was to compare the 
accuracy in the estimation of the free-weight bench press exercise between six velocity-based 1RM 
prediction methods based on  2 repetition criteria (fastest and average velocity) and 3 MVTs (general 
MVT of 0.17 ms-1, individual MVT of the preliminary session, and individual MVT of the validity 
session). We hypothesized that the MVT would not significantly affect the accuracy in the prediction 
of the bench press 1RM.9 However, no specific hypothesis was formulated regarding the differences 






Sixteen men collegiate sports science students (mean  standard deviation [SD]: age = 20.6  2.9 
years [18-29 years], body mass = 72.7  9.3 kg, body height = 1.76  0.06 m, and bench press 1RM 
relative to body mass = 1.0  0.2) volunteered to participate in this study. All participants had at least 
one year of resistance training experience and they reported to use the free-weight bench press 
exercise in their regular training. No physical limitations or musculoskeletal injury that could affect 
testing were reported. All participants were informed of the procedures to be used and signed a written 
informed consent form before initiating the study. The study protocol adhered to the tenets of the 
Declaration of Helsinki and was approved by the Institutional Review Board of the University of 





Participants were tested on two sessions separated by at least 48-h. Both testing sessions were 
identical and consisted of an incremental loading test until reaching the bench press 1RM [25]. The 
first session was used to familiarize the participants with the lifting of submaximal loads at maximal 
velocity and to determine the individual MVT (i.e., velocity of 1RM). The second session was used 
to determine the validity of the six 1RM prediction methods based on 2 repetition criteria (fastest or 
average velocity) and 3 MVTs (general MVT of 0.17 ms-1, individual MVT of the preliminary 
session, and individual MVT of the validity session). Participants were asked to abstain from any 
other type of strenuous physical activity over the course of the study. Testing sessions were performed 
at the same time of day for each participant (± 1-h) and under similar environmental conditions (≈ 
22ºC and ≈ 60% humidity). 
 
2.3. One-repetition maximum sessions 
Each testing session began with a standardized warm-up consisting of dynamic stretching, arm and 
shoulder mobilization exercises, and 1 set of 5 repetitions of the bench press exercise performed with 
a 10-kg barbell. After warming-up, participants rested for 3-m before undertaking a standard 
incremental loading test [25]. The external load was increased in 15 kg until the mean velocity (MV) 
of the barbell was lower than 0.50 ms-1. From that point, the load was increased from 5 to 1 kg until 
the 1RM load was reached. In line with previous studies [8,18–20], three repetitions were executed 
with light loads (MV > 1.00 ms-1), two repetitions with medium loads (0.50 ms-1  MV  1.00 ms-
1), and one repetition with heavy loads (MV < 0.50 ms-1). The average number of loads tested was 
7.6  1.2. 10-s and 5-m of rest were implemented between repetitions with the same and different 
loads, respectively. Participants received feedback on their velocity immediately after each repetition 
and were encouraged to perform all repetitions at the maximal intended velocity. 
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The bench press was performed according to the standard five-point body contact position technique 
(head, upper back, and buttocks placed firmly on the bench with both feet flat on the floor). 
Participants initiated the task holding the barbell with a self-selected grip width and their elbows fully 
extended [27] From this position, they lowered the barbell in a controlled manner until touching the 
chest at the level of the sternum, and then they pushed the barbell as fast as possible until their elbows 
reached full extension (touch-and-go technique) [28]. Participants were not allowed to bounce the 
barbell off their chests or raise the trunk off the bench. If these conditions were not met, the repetition 
was repeated. Two spotters were standing on each side of the barbell to ensure safety. 
 
2.4. Data acquisition and analysis 
The MV (i.e., average velocity from the first positive velocity of the barbell until the velocity of the 
barbell was 0 ms-1) of all repetitions was recorded with a linear velocity transducer (T-Force System; 
Ergotech, Murcia, Spain) [20]. The cable of the linear velocity transducer was attached vertically to 
the right side of the barbell using a velcro strap. The T-Force System interfaced to a personal computer 
by means of a 14-bit resolution analog-to-digital data acquisition board and custom software. 
Instantaneous velocity was sampled at a frequency of 1000 Hz and subsequently smoothed with a 4th 
order low-pass Butterworth digital filter with no phase shift and 10 Hz cut-off frequency. Validity 
and reliability of the T-Force System for the recording of MV have been reported elsewhere [12,13]. 
Data of five loads were used for modeling the individualized load-velocity relationships by linear 
regression models [15]. The absolute load (kg), relative load (%1RM), and MV associated with these 
loads are depicted in Table 1. Six 1RM prediction methods were analyzed based on 2 repetition 
criteria (fastest velocity and average velocity) and 3 MVTs (general MVT of 0.17 ms-1, individual 
MVT of the preliminary session, and individual MVT of the validity session). The fastest velocity of 
each load or the average velocity of the 2-3 repetitions performed at each load was used for 
subsequent analysis [21]. The 1RM was estimated from the individualized load-velocity relationships 
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as the load (kg) associated with a general MVT of 0.17 ms-1 (“general MVT”) [17], the individual 
MVT recorded in the preliminary session (“individual preliminary MVT”) [5,24], and the individual 
MVT recorded in the validity session ("individual validity MVT”) [6,9]. The individual preliminary 
MVT and individual validity MVT were 0.17  0.03 ms-1 (range = 0.10-0.22 ms-1) and 0.16  0.03 




2.5. Statistical analyses 
The normal distribution of the data was confirmed by the Shapiro-Wilk test (P > 0.05). Paired-
samples t-tests were used to compare the 1RM and MVT between both testing sessions. Reliability 
of the 1RM and MVT was assessed by the coefficient of variation (CV) and the intraclass correlation 
coefficient (ICC; model 3.1). A two-factor repeated-measures analysis of variance (ANOVA) 
(repetition criterion [fastest velocity vs. average velocity] and MVT [general MVT vs. individual 
preliminary MVT vs. individual validity MVT]) with Bonferroni post hoc corrections were applied 
to the absolute differences between the actual and predicted 1RMs. Absolute differences were 
expressed as a percentage of the actual 1RM and the scale used to categorize the magnitude of the 
errors was: low (< 5.0%), moderate (5.0-10.0%), and high (> 10.0%). The validity of the 1RM 
prediction methods with respect to the actual 1RM was also examined through paired-sample t-tests, 
the Cohen’s d effect size (ES), the Pearson’s correlation coefficient (r) and Bland–Altman plots. The 
magnitude of the ES was interpreted as follows: trivial (< 0.20), small (0.20–0.59), moderate (0.60–
1.19), large (1.20–2.00), and very large (> 2.00) [29]. The strength of the r coefficients was interpreted 
as follows: trivial (> 0.10), small (0.10–0.29), moderate (0.30–0.49), high (0.50–0.69), very high 
(0.70–0.89), or practically perfect (> 0.90) [29]. Heteroscedasticity of error was defined as a 
coefficient of determination (r2) > 0.10 [30]. Alpha was set at 0.05. All reliability assessments were 
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performed by means of a custom spreadsheet [31], while other statistical analyses were performed 
using the software package SPSS (IBM SPSS version 22.0, Chicago, IL). 
 
3. Results 
Trivial non-significant differences were observed for the 1RM (P = 0.850; ES = 0.01) and MVT (P 
= 0.482; ES = 0.27) between both testing sessions. The between-session reliability was high for the 
1RM (CV = 2.5%; ICC = 0.99) and unacceptable for MVT (CV = 19.2%; ICC = 0.01).  
The ANOVA did not reveal a significant main effect for repetition criterion (F(1,15) = 0.74; P = 0.402) 
or MVT (F(2,30) = 1.86; P = 0.173). Furthermore, the interaction repetition criterion  MVT did not 
reach statistical significance (F(2,30) = 1.08; P = 0.354). The errors were categorized as low (range = 




Trivial non-significant differences (P  0.556, ES  0.02) and practically perfect correlations (r  
0.99) were observed between the actual and all predicted 1RMs (Table 2). Bland-Altman plots 
showed low and comparable systematic bias (range: -1.0 to 0.0 kg) and random errors (range: 2.7 to 
3.4 kg) for all 1RM prediction methods (Fig. 2). No heteroscedasticity of the errors (r2  0.05) were 








This study was designed to explore the influence of repetition criterion and MVT on the 1RM 
prediction capability of the individualized load-velocity relationship during the free-weight bench 
press exercise. The main finding of this study was that all prediction methods provided an accurate 
estimation of the bench press 1RM, being the accuracy comparable for the 2 repetition criteria (fastest 
velocity and average velocity) and 3 MVTs (general MVT of 0.17 ms-1, individual MVT of the 
preliminary session, and individual MVT of the validity session). Therefore, in principle practitioners 
are free to choose the different repetition criteria and MVT as the latter do not seem to affect the 
accuracy in the estimation of the free-weight bench press 1RM. However, a general MVT could be 
recommended to simplify the testing procedure because a direct 1RM assessment would not be 
required at any time. 
There is compelling evidence that the individualized load-velocity relationship modelled using 
various submaximal loads (from 2 to 5) can provide an accurate estimation of the 1RM during the 
bench press exercise performed in a Smith machine [11,32,33]. For example, the individualized load-
velocity relationship modelled considering only 2 loads has been shown to provide an accurate 
estimation of the 1RM during different variants of the bench press exercise regardless of the grip 
width with absolute errors lower than 5% [32]. By contrast, previous studies have warned about the 
lack of precision (absolute errors  5%) of the individualized load-velocity relationship to predict the 
1RM during free-weight exercises such as back squat [6] or deadlift [9,24], raising the question of 
whether its 1RM prediction capability is influenced by the execution mode (machine-guided vs. free-
weight). This question has been recently addressed by Hughes and colleagues [34] who found an 
acceptable and comparable magnitude (P > 0.05) and reliability (CV  2.6% and ICC  0.98) for 
predicted 1RM between Smith machine and free-weight variants of the bench press and prone row 
exercises. Instead, the 1RM predictions performed for back squat and overhead press exercises were 
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more comparable (P = 0.099-0.961 vs. 0.001-0.006) and reliable using a Smith machine (CV = 2.6-
3.8%; ICC = 0.97-0.98) compared to free-weights (CV = 3.9-7.7%; ICC = 0.78-0.98). Those findings 
highlight that the accuracy of the predicted 1RM from the individualized load-velocity-relationship 
can be affected by the training equipment for some exercises but not for others. In line with the study 
of Hughes et al. [34], the results of this study also confirm that the free-weight bench press 1RM can 
be obtained with a high precision from the individualized load-velocity relationship. This is an 
important finding since most athletes commonly use the free-weight bench press exercise for training 
[35]. 
The load-velocity relationship has been indistinctly constructed using either the fastest or average 
velocity of the different repetitions (usually from 3 to 1) recorded against a range of loads 
[5,22,23,25]. To our knowledge, this is the first study to examine whether the accuracy of 
individualized load-velocity relationship to predict the 1RM is affected by the repetition criteria. Our 
findings show that the accuracy of the predicted 1RM is not affected by the repetition criterion 
selected for the development of an individual’s load-velocity profile in the free-weight bench press 
exercise. It is important to note that the within-subject variability in the velocity recordings was low 
for the different loads included in the modeling (CV = 4.3, 3.7, 4.9, 6.5 and 6.6% for ≈ 25, 40, 55, 70 
and 85% of 1RM). These results are in line with those reported by Carroll and colleagues [23] in the 
back-squat exercise (CV = 6.4, 8.6, 6.4 and 6.4% for ≈ 60, 70, 80 and 90% of 1RM). However, while 
the repetition criterion based on the average velocity provides a more robust measure, the repetition 
criterion established according to the fastest velocity may be related to an erroneous execution of the 
lift [21]. For example, in this study, the absolute differences between the measured and predicted 
1RM for a representative participant were reduced by 3-5% using the average velocity compared to 
the fastest velocity due to the large amount of variation observed for the velocity measurements (CV 
range = 2.5 to 13.7%). Therefore, caution should be taken when more than a 10% difference is 
observed between trials [7] particularly if the fastest velocity is used as repetition criterion to 
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developed the load-velocity relationship of the individual. To solve this problem, an extra repetition 
should be performed and the most extreme value discarded from the analysis [7]. 
The 1RM is calculated from an individualized load-velocity profile regression equation as the load 
associated with an exercise-specific MVT [7,17]. This MVT can be selected from a reference value 
for all individuals from the literature (“general MVT”) [8,10,11,22] as well as from an actual 
(“individual validity MVT”) or previous (“individual preliminary MVT”) maximal lift for each 
participant [5,6,9,24]. Our results indicate that these three MVTs approaches provides an accurate 
estimation of the 1RM during the free-weight bench press exercise (absolute and random errors  
3.7% and 3.4 kg, respectively). These findings are in line with previous studies that have used a 
general MVT of 0.17 ms-1 [11,32,33] or an individual preliminary MVT [34] to predict the bench 
press 1RM using different variants (concentric-only and eccentric-concentric) or execution modes 
(machine-guided and free-weight). An even more important and novel findings is that the accuracy 
in the estimation of the bench press 1RM did not improve when individual MVTs were considered 
instead of a general MVT. These results confirm the previous findings of Jukic and colleagues [9] 
who found that the accuracy of the 1RM was similar using either a general MVT (absolute errors 
from 7.3 to 15.4 kg) or an individual MVT recorded in the validity session (absolute errors from 6.6 
to 16.3 kg) during the deadlift exercise performed with and without lifting straps. Furthermore, it is 
important to note that the MVT in this study demonstrated a poor consistency (CV = 19.2%; ICC = 
0.01) and, therefore, it would not be appropriate to use the values obtained in a preliminary session 
to estimate the 1RM on subsequent occasions [5,24]. Similarly, it would be illogical and impractical 
to use the MVT of the actual 1RM or MV of last repetition to failure to predict the 1RM within the 
same session [6,9]. Collectively, these results suggest that practitioners can estimate the bench press 
1RM using a general MVT. This will provide a simplified and less time-consuming assessment of 
bench press 1RM. 
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Finally, since the accuracy of the predicted 1RM could be affected by the sex (lower errors for women 
compared with men) [10] or resistance training experience (lower MVT for highly resistance-trained 
athletes than less-trained athletes) [36], the main limitation of our study is that the current findings 
are applicable to men with ~1 year experience in resistance training (bench press 1RM = 1.0  0.2 
kgbody mass-1). However, the errors in the current study were homoscedastic (i.e., uniform errors) 
which indicates that those with lower or higher bench press 1RMs than our sample (~72 kg) can still 
attain an accurate 1RM prediction from the individualized load-velocity relationship. On the other 
hand, it should be noted that a single linear velocity transducer was used to measure the velocity of 
barbell despite the fact that the velocity may be different on each side of the barbell [37]. This decision 
was made to increase the ecological validity of our findings because athletes rarely use two linear 
position transducers simultaneously. 
 
5. Conclusions 
This study confirms that the individualized load-velocity relationship is a highly valid approach for 
predicting the 1RM during the free-weight bench press exercise. Furthermore, our results demonstrate 
that the accuracy of the bench press 1RM prediction is not meaningfully affected by the repetition 
criteria or MVT. This indicates that the load-velocity relationship can be constructed using either the 
fastest or average velocity of the different repetitions recorded against a range of external loads. 
However, since the fastest velocity may be an outlier related to an erroneous lift [21], caution should 
be taken when more than a 10% in velocity is observed between trials [7], particularly if the fastest 
velocity is used as repetition criterion to develop the load-velocity relationship of the individual. 
However, it is also plausible that the outlier could be produced by a very slow velocity and in this 
case the precision could be compromised by using the average velocity of several trials. The accuracy 
in the estimation of the bench press 1RM did not improve when individual MVTs were considered 
instead of a general MVT. Practically, this is important because the general MVT can be 
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recommended to simplify the testing procedure and avoid a maximal lift at any time point of the 
training cycle [8,9].  
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Table 1. Descriptive data of the five loads used to determine 









Mean velocity (ms-1) 
Fastest Average 
Load 1 17.5  5.8 23.8  4.9 2.9  0.3 1.37  0.19 1.31  0.17* 
Load 2 28.8  8.1 39.5  5.2 2.6  0.5 1.05  0.11 1.02  0.11* 
Load 3 40.0  10.3 55.1  4.9 2.0  0.0 0.81  0.08 0.78  0.08* 
Load 4 51.6  12.5 71.2  5.3 1.9  0.3 0.62  0.10 0.59  0.08* 
Load 5 62.6  16.4 86.1  5.5 1.1  0.3 0.41  0.10 0.40  0.09 
 
Data are mean  standard deviation. 1RM, one-repetition 
maximum. *, significant differences between the fastest and 
average velocity (P < 0.001; paired-samples t-tests).  
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Table 2. Comparison between the actual one-repetition 
maximum (1RM) and 1RM estimated by different velocity-














General 73.2  20.9 0.994 0.00 (-0.09, 0.09) 0.99 (0.96, 1.00) 
Individual of the 
preliminary session 
73.3  20.4 0.978 0.00 (-0.07, 0.07) 0.99 (0.97, 1.00) 
Individual of the 
validity session 
73.6  20.5 0.674 0.02 (-0.07, 0.10) 0.99 (0.96, 1.00) 
Average 
velocity 
General 73.4  20.6 0.894 0.01 (-0.08, 0.09) 0.99 (0.96, 1.00) 
Individual of the 
preliminary session 
73.5  20.2 0.723 0.01 (-0.06, 0.08) 0.99 (0.97, 1.00) 
Individual of the 
validity session 
73.7  20.2 0.556 0.02 (-0.06, 0.11) 0.99 (0.96, 1.00) 
 
SD, standard deviation; MVT, mean velocity threshold; ES, 
Cohen’s d effect size ([Predicted 1RM – Actual 1RM / SD 
both]); r, Pearson’s correlation coefficient; 95% CI, 95% 







Figure 1. Absolute differences expressed as a percentage of the 
actual one-repetition maximum (1RM) for the six 1RM 
prediction methods based on 2 repetition criteria (fastest velocity 
or average velocity) and 3 MVTs (general MVT of 0.17 ms-1, 
individual MVT of the preliminary session, and individual MVT 
of the validity session). The black bar represents the median 
difference and the numbers the average difference  standard 
deviation. 
 
Figure 2. Bland-Altman plots showing the differences between 
the actual one-repetition maximum (1RM) and the 1RM 
predicted by six 1RM prediction methods based on 2 repetition 
criteria (fastest velocity or average velocity) and 3 MVTs 
(general MVT of 0.17 ms-1, individual MVT of the preliminary 
session, and individual MVT of the validity session). Each plot 
depicts the systematic bias and 95% limits of agreement (± 1.96 
standard deviation; dashed lines), along with the regression line 







Figure 1. Absolute differences expressed as a percentage of the 
actual one-repetition maximum (1RM) for the six 1RM 
prediction methods based on 2 repetition criteria (fastest velocity 
or average velocity) and 3 MVTs (general MVT of 0.17 m·s-1, 
individual MVT of the preliminary session, and individual MVT 
of the validity session). The black bar represents the median 









Figure 2. Bland-Altman plots showing the differences between 
the actual one-repetition maximum (1RM) and the 1RM 
predicted by six 1RM prediction methods based on 2 repetition 
criteria (fastest velocity or average velocity) and 3 MVTs 
(general MVT of 0.17 ms-1, individual MVT of the preliminary 
session, and individual MVT of the validity session). Each plot 
depicts the systematic bias and 95% limits of agreement (± 1.96 
standard deviation; dashed lines), along with the regression line 
(solid line). The strength of the relationship (r2) is depicted in 
each plot.  
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